Interactive robots are seen as an efficient tool for the improvement of the social communication skills of autistic children. Recent studies show that the effectiveness of the human-robot interaction can be improved further if the robot can provide positive feedback to the child when he/she demonstrates behaviour or social skills as expected. However, there is no clear answer to which visual stimuli and which combination of visual stimuli could attract better attention. In this paper we present initial results from our study of the response of participants with autism traits to four visual stimuli. We conducted a series of experiments where the experimental system provided a visual response to the user' s actions and monitored the user' s performance for each visual stimulus. The experiments were organised as a game and included four groups of participants with different levels of autism. The results showed that a colour tended to be the most effective way for robot interaction with autistic people. The results could help the design of very effective assistive robots for supporting people with autism.
Introduction
Various research studies have shown that autistic children' s attention can be engaged better when they communicate with a robot rather than with a human [1, 2] . These findings led to the development of new therapeutic approaches where robots are used as mediators. Currently, the research efforts are focused on the improvement of the efficiency of these methods. A number of studies have argued that the performance of children with autism during the training session can be increased if the robot could give feedback as a reward of a desirable behavior. Duquette et al. [3] noted that the interaction of the robot with the child was improved when the robot provided positive feedback for correct responses. Diehl et al. [4] suggested that the feedback efficiency of the robot can be enhanced if it is based on many factors and recommended further studies on the aspects that augment the feedback communication efficiency.
poorly at verbal skills" p.19 [8] . Carr et al. [9] compared the response of autistic children to information presented to them via different stimuli. In their experiment, five objects were introduced to a group of children by the use of three types of cues: visual, vocal, and lip-reading. The percentage of correct responses to the visual stimuli was significantly higher than the results from the other ways of presentation. The evaluation of training approaches for the improvement of the communication skills of people with autism also showed that training strategies based on visual stimuli have better efficiency [10, 11] . In most studies, the visual stimuli are represented with changes of colour, changes of facial expression, changes of number, or changes of arrow direction. The response of the children with autism to information introduced to them as colour sequences has been tested in many studies. Frith [12, 13] conducted experiments to explore how accurate the autistic children refer to colours when they describe previous events. The colour obsession of two autistic children in various situations was noticed by their parent [14] . Many studies proved that children with autism have difficulties in perceiving human facial expressions. For helping the autistic children to read the facial expressions of others and to make their own facial expressions, a range of training programs have been developed [15] [16] [17] . The response of autistic children to human faces has been studied in experiments where two sets of images of humans with simple facial expressions have been shown to a group of autistic children. It has been found that the images where the human' s head was presented as a spot with a plain colour have attracted more attention than the images with human-like appearance [18] . Furthermore, it has been found in several studies that children with autism have obsessive interests in information presented to them by numbers. Bemporad described that an autistic child liked numbers and was also found to have a lifelong fascination with arithmetic [19] . Smits also presented a case study of an autistic child with a strong interest in numbers [20] . The same result was confirmed by Wire whose findings showed that many children with Asperger' s syndrome have the potential to respond better to information introduced to them by numbers [21] .
An arrow is a symbolic cue that people often use inside the social environment. The evaluation of the eye gaze response of autistic children to arrow cues showed that the arrow image is accepted as a prompt for orienting or attention. It has also been addressed that the response to arrow cues is an automatic phenomenon [22] [23] [24] .
Touch is an essential communication aspect and occurs rather frequently in social interaction [25] . Numerous studies on the behaviour of autistic children during communication tasks with interactive robots have shown that the participants demonstrated engagement with the experiment by changing the way of touching the robot (or robot interface device) when they respond to different situations [26, 27] . Although some autistic children show great fear of touching objects and avoid touching [28] , tactile interaction is a much more common reaction of autistic children than verbal communication [29, 30] . While the importance of touch for the development of communication skill in social interactions has been well recognised, the practical training of autistic children for development of touching, which is a specific social behaviour, often remains a quite difficult task due to the absence of objective approaches for evaluation of children' s touching response and teaching efficiency, respectively [31] . In some cases, children with autism demonstrate hyper or hypo tactile sensitivity to touching that might result in dangerous situations for both the trainers and the children [32] . Buron and Curtis [33] have developed multiple materials for helping autistic children to develop and improve their interaction behaviour and to control their touch force by using five touch levels and assigning a number or colour to each force level.
Motivation
As explained in the previous section, the interactive robots for autism therapy engage children' s attention better if they provide positive feedback to the child when he/she demonstrates behaviour or social skills as expected. The feedback encourages children to communicate, increases therapeutic effectiveness, and stimulates children' s curiosity. Previous studies showed that visual feedback is very effective. Such visual feedback can be organised by different visual cues and with different communication scenarios. However, there is no clear answer to which visual stimuli or combination of them could attract children' s attention in the best way.
The long-term goal of our study is the development of robot design strategies for visual feedback stimulation according to the level of the individual' s autism tendencies. As an initial step, in this paper we explore the responses of a small group of young adult participants with a tendency to autism to a few visual cues used for providing feedback information. The results of this study gave initial information about the general tendencies in the response of individuals to each stimulus which will be used further in the design of much more thorough and wider experiments with larger groups of autistic children.
As found in the previous works reviewed in Section 1, visual information is effective for autistic children understanding and we expected that visual stimuli are more likely to elicit a positive response in the autistic participants. With the experiment we wanted to verify the following two hypotheses: H1: The task success rate will depend on the type of feedback stimulus used and on the AQ score of the participant.
H2: The initial success time will depend on the type of visual feedback and on the AQ score of the participant.
In this study, we conducted an experiment to explore the effectiveness of the following several types of visual feedback stimuli: colour, facial expression, numbers, and arrows with the aim to produce quantitative experimental results that can help the improvement of the assistive robots' effectiveness. The rest of this paper is organised as follows. Section 3 introduces the method used in this experiment and comments on the experimental settings and procedure; Section 4 discusses the experimental results; Section 5 concludes the work in this paper.
Method

Participants
Our end goal is to investigate how autistic children respond to different stimuli and which stimuli result in a better response. Experiments with children with autism need to be designed very carefully due to the specifics of their impairments. That is why, before we conduct experiments with autistic children, as a first step, we decided to investigate how adults with a tendency of autism respond to the same stimuli. We expect that such an approach will allow us to tune the research method and to clarify the exact set of stimuli that will be used in the second stage of our research project when we will conduct tests with autistic children.
In this preliminary study, university students who have autism tendencies were tested instead of children. Ten volunteers (age average M = 23.3, SD = 1.6) took part in the experiments. The extent of the autistic traits of each participant was evaluated by using the Autism Spectrum Quotient (AQ) test, Adult version [34] . The AQ test contains 50 questions that cover 5 different domains: social skill, attention switching, attention to details, communication abilities, and imagination. Each question allows the subject to indicate "definitely agree", "slightly agree", "slightly disagree" or "definitely disagree". Each area is assessed with 10 questions. The Cronbach' s (alpha) coefficient of internal consistency and reliability of the AQ test is 0.79 [34] .
Depending on their AQ test score, the participants were divided into four groups. GROUP 1 included two participants who scored 32 or higher, indicating a strong likelihood of autism (M = 35.5). GROUP 2 included two participants who scored between 26 and 31, a borderline indication of an autism spectrum disorder and it is also possible to have autism within this range (M = 29.0). GROUP 3 was formed by the participants who scored between 22 and 25, which shows autistic tendencies slightly above the population average (M = 24.0), and the participants who obtained scores of less than 21 were included in GROUP 4 (M = 18.25). The information about the participant groups is summarised in Table 1 . By using adults with different AQ we also investigate how the response of people changes depending on their AQ. With the tests with adults we find the stimuli and the situations that attract the highest attention of people. If we know that in advance, we will be able to design our experiments with autistic children in a much more efficient way, and that will reduce stress from the experiments on autistic children. 
Test interface
For the experiments, we used a special human machine interface (HMI) called Touch Ball. The Touch Ball was developed for studying the touching behaviour of children with autism in social situations. Touch behaviour in social situations is used for expressing emotions, delivers the feeling of affinity toward another person and forms trust between each other [35] .
It is shaped as a half sphere with a 30 centimetre diameter that is linked to the base via a three axial force sensor. The shape of the Touch Ball was decided in our previous studies when it was found that a spherical image attracts children' s attention [36] . The Touch Ball sensor was connected to a computer. A small projector was used to illuminate the surface of the half-sphere and to display visual information on it [27] . The block diagram and examples of the experimental Device are shown in Fig. 1 and Fig. 2 . The force sensor measures the components f x (t), f y (t), and f z (t) of the force F applied to the half-sphere. F was calculated in the following way, as in Eq. 1.
Depending on magnitude of the force F , the visual stimuli projected on the Touch Ball were changed by using a special algorithm, as explained below.
Procedure
Experiment setup
Initially, each participant was invited to sit on a chair in front of Touch Ball as shown in Fig. 3 . Some time for relaxation and adaptation to the new environment was given before the start of the session. The experimenter explained to the participant how to play the Touch Game (see Section 3.3.2) and how to apply force to the Touch Ball. Next, the participant was asked to set a target figure by applying force to the Touch Ball, for example, to set the yellow colour while getting help and additional instructions from the experimenter. After that, the participant was asked to practice changing images by controlling the force on the Touch Ball for various force ranges that were selected randomly. After the pre-test stage, the Touch Game started.
Touch Game
The experiment was organised as a game that the participants were asked to play. It was introduced to them as the "Touch Game". The experimental device allowed the participants to change the images projected on the Touch Ball by changing the force applied to it. Participants were asked to set on the Touch Ball a preliminary defined figure or colour by applying the correct amount of force to the HMI. Each test continued for 20 seconds. It was explained to the participants that after the start of the test they needed to try to set the goal colour (or the goal image) as quickly as they could and to continue to apply the same force to keep the goal until the end of the test. 4 shows an example of the relationship between the forces applied by the user and the colour of the Touch Ball during the colour tests. As shown in the figure, the target colour (yellow) can be set if the force lies within the preliminary defined goal force range, denoted on the same figure as F DESIRED . When the force is below a certain threshold value, no colour is projected on the Touch Ball (denoted on the figure as "Dead Zone"). The visual stimuli projected on Touch Ball are presented in Fig. 5 . Red, yellow and blue colours were used in the experiments for measurement of the responses of the participants to colours, and yellow was selected as the goal colour (Fig. 5, (a) , (b), and (c)). During the facial expression experiment, images of an angry face, a smiling face, and a sad face were used (Fig. 5, (d) , (e), and (f)) and the participants were asked to set on the sphere the image of a smiling face by changing the force on the Touch Ball. Numbers one, five and nine were projected on the sphere in the experiment for studying participant' s response to numbers (Fig. 5, (g) , (h), and (i)) and number five was the goal. For exploring the acceptance of information presented as arrows, we used images of an arrow pointing upward, a bar, and an arrow directed downward (Fig. 5, (j) , (k), and (l)) and the bar image was selected as the target. The relationships between the force applied to the Touch Ball and the images are shown in Table 2 . The Touch Game consisted of six sets. Each set included four trials. Four different ways of visual feedback (colour, facial expression, numbers, and arrows) were used in each trial. The order of the feedback stimuli was selected randomly. The goal figure (or the goal colour) appeared on the Touch Ball sphere when the force that the participant applied to the Touch Ball was within a preliminary defined force range. For each set of the Touch Game, the range of the forces for selecting the goal figures or goal colours was different. This was implemented to avoid a the learning effect. Table 3 presents the force ranges for setting the target image for each set and the order of the visual stimuli tests during the experiment.
Results
To evaluate the effect of the visual feedback stimuli, we compared the initial success times (IST) and the target keeping rate (TKR) for each task of the Touch Game.
Initial Success Times (IST)
The initial success time (IST) is the time from the start of the test to the moment when the participant succeeds in setting the goal colour or goal image for the first time (see Fig. 6 ).
Target Keeping Rate (TKR)
As explained in the previous section, the goal image or goal colour appeared on the Touch Ball surface only at the moments when the force exercised by the participant to the Touch Ball was within the goal force range that was defined in advance for each set of the Touch Game. We define the target keeping time (TKT), as in Eq. 2, as the time for which the target image or the target colour is kept:
The experiments consisted of six sets with four trials and we allowed 20 seconds in each trial for the completion of the task, i.e. the experiment time E T = 20 [s] . The success ratio also can be judged from the target keeping rate (TKR) that is the ratio between the target keeping time and the test time, as in Eq. 3.
Relationships between the target keeping rate (TKR) and the visual stimuli
The results are listed as follows: Group 1 (2 participants), Group 2 (2 participants), Group 3 (2 participants), and Group 4 (4 participants).
4.1.1. Group 1: a strong likelihood of autism (AQ score = 32 or higher)
The participants from Group 1 (Participant 1(G1): AQ=39; Participant 2(G1): AQ=32; both males) demonstrated the highest TKR in the colour feedback tasks. Their individual scores are shown in Fig. 7 (a) and Fig. 7 (b) respectively. 
Group 2: a borderline of autism (AQ score = 26 -31)
The participants from Group 2 (Participant 1(G2), female and Participant 2(G2), male; both with AQ score 29) demonstrated a sustainable TKR for all tasks while achieving a TKR that was a little higher for the task with numbers. The individual results of the participants are presented in Fig. 8 (a) and Fig. 8 (b) respectively. The individual scores of Participant 1(G3) and Participant 2(G3) are presented in Fig. 9 (a) and Fig. 9 (b) , respectively. Participant 2(G3) also achieved a high TKR on the arrow test. Group 4 (control group) included four participants (two females and two males). Participant 1(G4) (female, AQ score 20), Participant 2(G4) (male, AQ score 19), Participant 3(G4) (female, AQ score 19) and Participant 4(G4) (male, AQ score 15) achieved a better target keeping rate (TKR) in the trials with arrow feedback. Participant 2(G4) also demonstrated a higher TKR in the colour feedback task. The individual results of all participants are shown in Fig. 10 . The results, as shown in Fig. 7 , Fig. 8 , Fig. 9 and Fig. 10 indicate that the Target keeping rates (TKRs) in Touch Game were significantly different for each group and depended on the type of visual stimuli. Group 1 (participants with a strong likelihood of autism) showed higher TKRs in colour feedback, Group 2 (participants with a borderline of autism) had higher TKRs in number, Group 3 (participants with slightly higher than average autistic traits) showed good results in the tasks with arrow or face expression and Group 4 (control group; average for most of the population) played the Touch Game more effectively with arrow feedback. The same result is shown in Table 4 .
Relationships between the initial success times (IST) and the visual stimuli
In these tests, Group 4 was considered as the control group (G C ) and their results were compared with the results of the other groups (G T ); Group 1, Group 2 and Group 3. IST were used as indicators for the G T = test group, G C = control group, G 1 = group 1, G 2 = group 2, G 3 = group 3, G 4 = group 4, P = participant, AQ = AQ rate, C = color test, F = facial expressions test, N= test with numbers, A = arrows test, * = shortest initial success time,ˇ= longest initial success time acceptance of each visual stimulus by the participant. Table 5 shows the ISTs for each participant for each task. The times in Table 5 are calculated as the average of the IST for the same task in all sets. For comparison of the response of each group to each visual stimulus, we identified in Table 5 the shortest initial success time (SIST) and the longest initial success time (LIST) for each participant. In Table 5 , the SIST is denoted with (*) and the LIST is indicated with (). We calculated the highest success ratio (SHSR) for each visual stimulus as the ratio between the number of participants who have a shortest initial time for the same stimulus and the total number of participants in the same test, Figure 11 . Highest success ratio (SHSR) for each visual stimulus.
as in Eq. 4.
where: SHSR -highest success ratio of the stimulus PH -number of participants whose shortest initial success time is for the same stimulus GP -number of participants in the group.
We calculated the stimulus lowest success ratio (SLSR) in a similar way, as in Eq. 5:
where: SLSR -lowest success ratio of the stimulus PL -number of the participants whose longest initial success time is for the same stimulus GP -number of participants in the group.
For example, SHSR in G T , 50%, was calculated as the following: number of participants in the test group (groups 1, 2 and 3) is 6 (GP). Number of participants whose shortest initial success time is for the colour stimulus is 3 (PH). Then we can calculate SHSR, using Eq. 4, to be 50%. SLSR in G C , 75%, was calculated in a similar way : number of participants in the control group (group 4) is 4 (GP). Number of participants whose longest initial success time is for the colour stimulus is 3 (PL). Then we can calculate SLSR, using Eq. 5, to be 75%. The SHSRs and the SLSRs for the test group (G T ) and for the control group (G C ) for each visual stimulus are presented in Fig. 11 and Fig. 12 respectively. As shown in Fig. 11 (a) , 50% of all participants from the test group (G T ) demonstrated a shortest initial success time for the task with colour feedback. In contrast, the participants from the control group demonstrated best performance on the task with numbers ( Fig. 11 (b) ). The test groups demonstrated a lower SHSR result for the task with face expressions (33%). Their SHSR for the arrow task was 17%. Their SHSR for the task with numbers was 0% (no single participant achieved their best score on the task with numbers).
As presented in Fig. 12 (a) , the participants from the test group G T have demonstrated a lowest success ratio (33%) for the tasks with colour and face expression. In contrast, 75% of the participants from the control group G C have demonstrated their lowest performance on the task with colours.
The results, as shown in Fig. 11 and Fig. 12 , demonstrated that the participants who have autistic traits were likely to accept the colour feedback rather than facial expression, number or arrow feedback, while it took quite a long time to adapt to the colour feedback for the participants without autism traits during the Touch Game.
Relationship between the target keeping rate (TKR) and the target force ranges
As explained in Table 3 , the experiment was conducted in six sets including four trials in each set. In each set, the force range for triggering the target colour (or target image) was different. Target keeping rates (TKR) of each participant for each force range are shown in Fig. 13 and Fig. 14. As shown in Fig. 13 , the results showed that 7 participants (1(G1), 2(G2), 1(G3), 2(G3), 1(G4), 2(G4) and 4(G4)) demonstrated the highest TKR in set 5 (force range from 2.0 N to 3.0 N). In contrast, as shown in Fig. 14 , participants 2(G1), 1(G2), and 3(G4) who did not achieve their highest TKR for set 5, had relatively higher TKR for set 1 (1.0<F<2.0) and set 2 (0.5<F<1.5).
Relationship between the initial success times (IST) and the target force ranges
The IST of each participant and each group for each target force range are shown in Table 6 . Results showed that the ISTs of Group 1 and This is an unexpected result, as shown in Table 6 , the force ranges that participants were able to reach easily were divided depending on the extent of autism.
Discussion and conclusion
In this study, as the initial step for developing assistive robots for autistic children, we conducted experiments with young adults who have autism tendencies to investigate the effectiveness of the following four types of visual feedback stimuli: colour, facial expression, numbers, and arrows. Moreover, we assumed that there is a different response G1= group 1, G2= group 2, G3= group 3, G4= group 4, * = shortest initial success time,ˇlongest initial success time depending on the extent of autism. The results indicated that these visual stimuli have different efficiency for the test group and for the control group. The result for the target keeping rate (TKR) and for the initial success times (IST) showed that the colour feedback can be considered as the most effective way of feedback for the participants with autism tendencies. The highest efficiency of the colour stimuli may be explained by the fact that the colour feedback is simpler than the other figures (face expression, numbers, or arrows). Numerous studies have already revealed that autistic children prefer objects that are simple in functioning and appearance [18] . Moreover, we hypothesized that the efficiency of the visual feedback methods will depend on the extent of autistic traits of each participant. It means that there is a relationship between the autistic degree of the participant and the form of visual stimuli. The results confirmed the initial assumption. The results of target keeping rate (TKR) showed that the participants with different extent of autism respond differently to the visual stimuli. For example, participants with a high AQ test score demonstrated good result in the experiments with colour feedback. The participants whose AQ score is on the borderline for autistic traits performed better in the tasks with number feedback. The participants whose AQ score was slightly higher than the average autistic traits showed a better response to the face feedback than the feedback with arrows. On the other hand, the control group tended to like the Touch Ball game with arrow feedback. We also hypothesized that the initial success times (IST) of the different methods of visual feedback will depend on the degree of autistic behaviour. Results supported our hypothesis. The participants who have autism tendencies showed the best initial success time when they received colour feedback rather than the other three visual stimuli, while the control group participants without autism tendencies reached the goal with the best time during number feedback. One unanticipated finding was that a particular target force range let the participants apply their force easier than others. The results of target keeping rate (TKR) indicated that seven participants demonstrated a good result in SET 5. Also, the results of the initial success times (IST) showed that the participants who have a high AQ test score and on the borderline for autistic traits reached the target force faster in SET 4, while the rest of the participants did so in SET 2. This finding should also be considered as important when an assistive robot is designed for improving autistic children' s touching behaviour. These results demonstrate that the effective feedback method is different for each group and depends on the individual' s extent of autism. These preliminary results need to be confirmed with further studies with wider groups of autistic children. Depending on the autistic degree, the interaction scenario may be different. For example, an autistic child whose impairment affects the perception of human facial expressions might prefer a simpler figure such as numbers or signs. As mentioned in section I, it is crucial that children learn to touch other people properly and the training doesn't materialise as a school support program. This study provides further support for the hypothesis that it is effective to use an assistive robot for training touching behaviour in autism therapy when the robot can change the type of feedback provided depending on the extent of autistic traits.
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